(Received for publication, October 17, 1918.) A recent article froin this laboratory reported experiments showing the effect of dry heat on the blood picture in mice. 1 After a 5 minute exposure of the animals to heat ranging from 55-65°C. there was an immediate fall in the circulating white cells. This was followed by a sharp rise in the lymphocytes which increased to a point about 200 per cent above their initial number. The increase extended over from 2 to 3 weeks and later gradually subsided to the normal level. The polymorphonuclear leucocytes participated in the initial fall but recovered very slowly and rarely went above the normal number. The lymphocytes resulting from this stimulation appeared to be normal, healthy cells of both the large and small type. It was noted that during the most active proliferative stage a number of lymphocytes were in the process of typical amitotic division. It seemed doubtful, however, in the light of the almost generally accepted opinion of biologists that this process ever gives rise to normally functioning cells. As the heat stimulation produces normal looking cells, it seemed desirable to study the other possible sources of origin.
Source and Type of Material.
The material for this study was collected by Murphy and Sturm t from a number of mice carried as a parallel to an experiment in which blood studies were made. These mice were of the same stock and about the same age. They were subjected to an exposure of dry .heat for 5 minutes at a temperature ranging from 55-65 ° C. Several 1 Murphy, Jas. B., and Sturm, E., J. Exp. Med., 1919, xxix, 1. 17 of these mice were killed immediately after the heat exposure and the others in groups at intervals of 2, 4, 6, 8, 12 , and 14 days. The spleen, lymph glands, and other organs were fixed in Flemming's, Bouin's, or Zenker's fluid. Sections were cut from 5 to 12 microns thick, and most of them stained with Heidenhain's iron-hematoxylin, eosin-methylene blue, and a few with Ehrlich's triacid stain. Of this material, the spleen and lymph glands have been studied and the results will be briefly described.
OB SEI~VATIONS.
Spleen.--The spleen becomes decidedly changed immediately after the treatment with heat. An examination reveals that there are a large number of cells degenerated or tending to degenerate (Fig. 1) . Pyknosis is present not only in the cells of the nodules, but also in the pulp. The cell mass of the germinal center, however, seems always to remain unaffected (Fig. 2) . There is no evidence of proliferative activity in the germinal center in the nodule, and only rarely can a mitotic figure be seen. There is also an apparent decrease in the number of the megalokaryocytes. Sections .taken 48 hours after the treatment present an appearance similar to that seen in the normal animals, the differences being an excessive number of necrotic cells, a relative scarcity of megalokaryocytes, and a great number of mitotic figures in the germinal center in the nodules. The active proliferation of cells in the germinal center (Fig. 3) is of significance in view of the fact that in the normal spleen of the adult the cells in the germinal center are not usually actively proliferating, while in infancy, when the lymphoid elements are actively formed, mitosis is of usual occurrence. These facts suggest that the occurrence of the mitotic figures in the germinal center, following the widespread degeneration, is primarily for the purpose of restoring the normal condition in the organ. The phenomenon may thus be regarded as one of overregeneration.
Sections taken 4 days after the treatment show that the spleen is well on the way to recovery (Fig. 4) . Here necrotic cells are much less abundant, although they persist, especially in the pulp and in the periphery of the nodule. As in the normal spleen, the association of mitotic figures with the germinal center is inconstant. The megalokaryocytes, which had been more or less decreased, are now present in fairly large numbers.
A condition similar to that last described is shown in all the sections taken later, after the treatment. That the megalokaryocytes are more, and necrotic cells less abundant in sections taken later may be looked upon as indicating complete recovery.
Macroscopically, the organ apparently undergoes marked enlargement at about the 6th to 8th day after the treatment. I have observed on the 8th day a spleen approximately four times the normal size. At the 14th day the size of the organ is seen to be normal. The size of the spleen varies greatly, even among apparently normal mice, but the fact of its enlargement after the treatment seems, in a general sense, to be indisputable.
Mesenteric Lymph Gland,--The cortex of the mesenteric lymph gland becomes full of necrotic cells immediately after the treatment (Fig. 5) . The central cell mass of the nodules (germinal center) is apparently normal, but as a rule, no mitotic figures are seen in it. Numerous necrotic cells are observed in lymph cords, and no mitotic figures are seen. The pulp spaces are apparently normal.
, After 48 hours the nodules are almost free of necrotic cells, although these cells are present in other parts of the cortex. Cells in the germinal center are actively proliferating, as evidenced by large numbers of mitotic figures in that re#on (Fig. 6) . In lymph cords numerous necrotic cells and few mitotic tigures are seen. The appearance of large multinucleated cells, probably phagocytic, is noted in the pulp spaces.
Conditions after the 4th up to the 14th day are apparently normal ( Fig. 7) . Mitosis in the germinal center is also of normal frequency, judging from the number encountered in sections.
Grossly, there is a general enlargement of the gland at about the 8th day after the treatment. The lymph glands taken at 14 days are approximately of normal size.
Inguinal Lymph Gland.--The changes observed here are exactly similar to those found in the mesenteric gland. Numbers of necrotic cells (Fig. 8) and suppression of the proliferative activity in the germinal centers are the fundamental characteristics immediately after the treatment. After 48 hours necrotic cells become almost entirely eliminated from the cortex, and the germinal center assumes an appearance of great proliferative activity (Fig. 9) . In the medulla there are still a number of necrotic cells persisting, but isolated cases of mitosis in lymph cords are not infrequent.
Histologically, the gland after the 4th day of the treatment is apparently normal. Here, also, as in the mesenteric gland, there is an apparent abnormal enlargement of the gland at about the 8th to 10th day after the treatment. DISCUSSION. One of the most striking findings in the observations described above is the complete parallel in the changes undergone by the splenic cells and the cells of the lymph glands. The first change observed in the spleen and in the two kinds of lymph glands, after the treatment with heat, is the widespread degeneration in their cell elements. Within 48 hours, or perhaps much earlier, the germinal centers become active, as demonstrated by the abundant mitotic figures in them, and they thus function in the restoration of the cellular elements of the organs. The germinal centers, however, later become inactive again.
In all the cases, both in the spleen and in the lymph glands, there is a marked increase of mitotic figures in the germinal center, following the general necrosis. The frequency of mitosis in the region apparently exceeds by far that in the normal animal, and it is natural to suppose that the enhanced cell proliferation accounts for the overproduction of lymphocytes. That the cell multiplication here is more than compensation for the degenerated cells is evident in light of the fact that dimensional enlargement of the organ, often well marked, follows the activity of the germinal center. The enlarged spleen and lymph glands are filled with normal cells, and it seems to be indisputable that excessive proliferation of the cells is responsible for their altered appearance. An attempt was made to ascertain whether there is definite increase in number and expansion in the area of germinal centers, after they are stimulated, but it has not been successful because of the unfavorable nature of the structure for such study.
It has been emphasized that a large number of cells in the spleen and in the lymph glands degenerate from the effect of heat immediately after its application. If, then, the cells in the spleen and lymph glands are a source of lymphocytes, there should be a fall in the number of these cells in the circulating blood following the application of heat. Murphy and Sturm have shown this to be the case. This corollary, taken together with other better known facts, tends to warrant the conclusion that the source of the induced lymphocytosis is at least partly the lymphoid cells in the spleen and lymph glands.
Results of recent experiments carried on in this laboratory point to the fact that a certain dose of x-rays can be used to produce a lymphocytosis similar to that brought about by heat?' 3 The results of blood counts after suitable treatment of the animal with this agent prove that the lymphocytic change is parallel to that in the case of heat treatment, with the characteristic fall in lymphocyte count preceding the marked rise.
Attention may be called to the results of Heineke 4 and Warthin, 5 who have shown that the effect of x-rays on lymphoid tissues is, in the main, similar to that of heat, as described in the present paper. Their data, however, do not throw any light upon the question as to whether there is any proliferation of lymphoid cells above the normal in the process of regeneration, as they did not make observations during the critical period after the x-ray treatment, when an excessive multiplication of the cells may possibly take place. For its satisfactory solution, therefore, the problem must be reinvestigated from a standpoint different from that of the earlier workers.
The induced lymphocytosis is not due to the direct action of heat on lymphoid cells, but is due to proliferative activity on the part of the cells. In other words, heat is primarily a destructive agent of the lymphoid cells, but it causes secondary multiplication of the cells, thus bringing about pronounced lymphocytosis.
2 Murphy, •as. B., and Morton, J. J., J. Exp. Med., 1915 , xxil, 800. 3 Thomas, M. M., Taylor, H. D., and Witherbee, W. D., J. Exp. Med., 1919 , xxix, 75. 4 Heineke, H., Mitteil. Grenzgeb. IVied. u. Chir., 1905 , xiv, 21. 5 Warthin, A. S., Physician and Surg., 1907 A striking number of mitotic figures have been observed in the germinal center of tlle spleen and lymph glands during the regeneration of the cellular elements of these organs after the destructive effect of heat. This enhanced cell proliferation is interpreted as more than compensating for the degenerated cells, because of the subsequent enlargement of the organs. It has also been pointed out that the characteristic decrease in the number of lymphocytes immediately after the heat treatment is always accompanied by an extensive cell degeneration in spleen and lymph glands at the corresponding period.
On this basis it seems evident that the pronounced lymphocytosis induced by means of heat treatment of the animal is due, at least in part, to the enhanced proliferative activity of germinal centers in the spleen and lymph glands, reacting to the destructive effect of heat upon lymphoid cells. 
EXPLANATION OF PLATES.

